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Abstract
The long-term implications of maternal health behaviors on offspring are not well understood.
Adverse events during the fetal developmental period have many implications on gestational
and intergenerational health. In the case of severe maternal food restriction or famine,
intrauterine growth restriction (IUGR) may occur. IUGR leads to health risks in the post-natal
period, in childhood development, and may contribute to chronic disease onset later in
adulthood. To understand the influence of suspected IUGR on offspring, this study assessed
adult dietary behaviors across a spectrum of birth weight, controlling for gestational age. 102
healthy young adults completed at least two 24-hour dietary recalls, the averages of which
were used to calculate Healthy Eating Index (HEI) Total Score, HEI subgroup scores, Dietary
Inflammatory Index (DII) Overall Score, and DII nutrient scores. Participants were assigned
into the IUGR or non-IUGR group by using a standardized birthweight variable that
controlled for gestational age. HEI Total Scores between the IUGR and non-IUGR groups
were 60.4 +/- 12.30 and 62.21 +/- 13.07, respectively, while DII Overall Scores between
groups were .35 +/- 1.48 and .36 +/- 1.90. The data suggests that there were no significant
differences (using P < .05) between groups for HEI Total Score nor DII Overall Score.
Further, IUGR was not a predictor of HEI nor DII score (p = .58, p = .882 respectively). This
suggests that the chronic disease often exhibited in IUGR individuals may have a more
physiological and metabolic basis than behavioral.
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Glossary of Terms
Appropriate for gestational age (AGA) – a newborn that is between the 10th and 90th
percentiles in birthweight.
Birth length (BL) – total length of a newborn
Birth weight (BW) – total weight of a newborn
Body mass index (BMI) – ratio of weight to height that classifies individuals into underweight,
normal weight, overweight, and obese (with 3 subcategories of obesity).
Dietary Inflammatory Index (DII) – an accepted method to measure the inflammatory
potential of an individual’s diet by measuring up to 45 nutrients. Negative scores (up to -8.87)
denote a more anti-inflammatory diet. Positive scores (up to +7.98) denote a more proinflammatory diet.
Fetal programming (FP) – theory that physical, mental, and environmental maternal factors
negatively impact placental functionality and restrict growth. Typically has the greatest impact
during critical periods of fetal development. This programming may contribute to greater chronic
disease outcomes in adulthood.
Gestational age (GA) – term that defines the total length of pregnancy at that time. Also denotes
the delivery age of a newborn.
Healthy Eating Index (HEI) – an accepted method to assess and individual’s diet quality across
13 subgroups and compare it to the Dietary Guidelines for Americans (DGA). Maximum score
of 100 points, minimum score of 0 points.
Intra-uterine growth restriction (IUGR) – decreased rate of fetal growth due to a multitude of
maternal, placental, or fetal factors. SGA classification at birth is often used as a proxy for
identifying IUGR.
Large for gestational age (LGA) – a newborn weighing greater than the 90th percentile in
birthweight.
Ponderal index (PI) – calculation of birth weight to birth length that can identify small babies
that likely experienced IUGR. Formula: weight (grams) / length (cm3) x 100 = PI.
Standardized birth weight (SBW) – the variable used in this study to represent birthweight
when controlling for gestational age.
Small for gestational age (SGA) – a newborn weighing less than the 10th percentile in
birthweight.
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Chapter 1: Introduction
Despite the fact that nearly 3.75M babies are born each year in the US, the long-term
implications of maternal behaviors and exposures are not well understood1. Adverse events
during the fetal developmental period have many implications on gestational and
intergenerational health. For example, intrauterine growth restriction (IUGR) often occurs in
cases of stress during the gestational period and can have a multitude of consequences, including
fetal demise and impaired metabolic function that may lay the groundwork for later chronic
disease development2,3. IUGR is a well-known cause of fetal morbidity and mortality2,3, second
only to pre-term delivery4. The root cause of IUGR and its subsequent effects often vary based
on individual circumstances, and are not fully understood within the human population5.
However, it is believed to be closely related to placental insufficiencies (abnormal placental
vascularization often caused by maternal smoking6) and thrombophilias, which lead to decreased
fetal oxygenation4,5 impairing development. Other likely causes of IUGR include endocrine
disrupting chemicals (EDCs) and radiation exposure7,8. Additionally, changes in maternal dietary
patterns during gestation may lead to IUGR, specifically periconceptual and gestational
undernutrition that impair fetal development5,9.
IUGR often coincides with fetal programming, in which maternal factors cause not only
growth restriction but also lead to epigenetic alterations that aim to maintain homeostasis of the
fetus during that time of stress. In addition to the possible causes of IUGR, fetal programming is
also thought to be related to physical, mental, and environmental factors such as toxins,
bacterial/viral infections, and nutrition status. In the long-term however, fetal programming may
have adverse health outcomes9–11. Fetal programming typically has the largest effect when
1

adverse maternal circumstances overlap with critical periods of fetal development, particularly
organogenesis11. Adverse mental circumstances that can lead to fetal programming include
prenatal stress, anxiety, and depression12,13. Further, fetal programming is often observed when
pregnancy takes place during major wars, famines, economic collapses, natural disasters, and/or
interpersonal violence12 where civilians face a lack of resources and/or unsafe home
environments. One of the earliest documented instances of fetal programming was the Dutch
Hunger Winter from 1944-1945, when widespread maternal undernutrition due to a famineinduced caloric ration led to a subsequent generation with greater outcomes of hypertension
(HTN), type 2 diabetes mellitus (T2DM), coronary artery disease (CAD), and obesity, among
others11,14,15. As part of the maternal response to environmental stressors, excess glucocorticoid
secretion negatively interacts with the fetal hypothalamic-pituitary-adrenal axis (HPA axis),
leading to altered brain structure and increasing the risk of Attention-Deficit/Hyperactivity
Disorder (ADHD) symptoms in offspring as well12,16.
IUGR typically results in neonates that are small for gestational age (SGA) which is
defined as a fetus weighing less than the 10th percentile in birthweight17. Further, SGA can be
identified with in-utero ultrasound that assesses longitudinal growth, parietal growth, abdominal
circumference, and estimated fetal weight18,19. Interestingly, about 30% of SGA fetuses may go
undetected via ultrasound and are not identified until birth19. SGA neonates often face severe
implications during and directly following delivery. They have a much higher risk of asphyxia,
hypothermia, hypoglycemia, impaired glucose tolerance20, breast feeding difficulty, jaundice and
polycythemia3,21 during this time period. In the post-partum stage, these infants also face
potential growth retardation, neurodevelopmental defects or delays21, and an increased risk of
chronic disease development.
2

IUGR is closely linked to maternal inflammation. Increased oxidative stress, stemming
from undernutrition and other environmental factors, has been suggested to preface IUGR22. As a
fetus develops into the third trimester, it requires more energy and nutrients from its mother,
which can result in negative maternal energy balance. This situation may be further exacerbated
if the mother lives in a low resource environment without consistent access to adequate nutrition.
Animal research has identified a possible consequence of maternal undernutrition: negative
energy balance increases reactive oxygen species (ROS) production, while fetal endogenous
antioxidant production decreases23,24. The combined effect of these changes leads to increased
oxidative stress, which affects placental homeostasis, such that offspring have a higher risk for
developing cardiovascular and renal disease later in the lifespan25.
Diet plays a large role in the onset of IUGR, as both maternal undernutrition and
overnutrition have metabolic implications3,26. The past century has seen a sharp rise in global
obesity, and the resulting maternal overnutrition has triggered a larger influx of nutrients
crossing the placenta. Fetal symptoms include dyslipidemia, increased weight, glucose
intolerance, and increased systemic inflammation26. Undernutrition, as caused by wars,
pandemics, famines, low socioeconomic status (SES), lack of health literacy, food insecurity27,
mental status, and other factors affects placental structure and modifies transportation of glucose,
amino acids, and lipids across the placenta membrane28. The fetal response to undernutrition
includes epigenetic alterations11 that affect not only their lifelong health status29 but likely that of
the subsequent generation28. Maternal undernutrition is also a global issue, with studies across
many countries finding undernutrition in pregnancy cohorts29. Children born from these fetal
environments frequently show foundational metabolic dysregulation, in the form of elevated
plasma lipids and higher BMI3. The impacts of fetal programming sometimes extend to cognitive
3

function, as some cases of maternal undernutrition involve the development of schizophrenia in
the offspring30,31. Investigating the dietary patterns of offspring that were exposed to IUGR may
show a connection between IUGR and chronic disease development that has been observed in
prior IUGR populations.
Given that IUGR babies are more susceptible to a multitude of pathologies across the
lifespan, it is plausible to explore a correlation between IUGR neonates and their adult dietary
patterns. It is still unclear whether experiencing IUGR leads to long-term changes in health
behaviors, such as dietary intake. It has been shown that those born with IUGR tend to have a
greater preference for palatable foods32, which are those with greater fat content33. This line of
research coincides with prior data suggesting increased chronic disease burden among IUGR
offspring11,14,15. Comparing dietary intake patterns between adults who were born AGA/LGA
versus SGA will provide insight regarding whether IUGR effects extend into dietary behaviors,
which may exacerbate the risk of chronic disease already observed in this population.

Purpose
The purpose of this study was to determine if suspected IUGR influenced dietary
behaviors (specifically, dietary quality and dietary inflammatory status) in a cohort of healthy
young adults.

4

Specific Aims
It is known that individuals who encountered IUGR during development have greater risk of
adverse post-natal outcomes and long-term chronic disease outcomes. It is also known that much
of chronic disease development regardless of a specific population is influenced by diet and other
habits, such as smoking, physical activity, and alcohol intake34. Since individuals with IUGR are
also found to have greater dietary preferences for palatable foods, there may be an overall effect
of IUGR on diet quality. Thus, the specific aims of this research were:

(1) To determine if IUGR dietary preferences influence dietary quality, compared to nonIUGR individuals by using the Healthy Eating Index (HEI).
(2) To determine if IUGR dietary preferences influence dietary inflammatory status,
compared to non-IUGR individuals by using the Dietary Inflammatory Index (DII).

Hypotheses
Regarding specific aim #1, we hypothesized that individuals with IUGR would have a
decreased dietary quality, thus a lower score on the HEI.

Regarding specific aim #2, we hypothesized that individuals with IUGR would have an
increased dietary inflammatory score, which denotes a more pro-inflammatory diet on the
DII.

5

Outline of Thesis
Chapter 2 discusses the background of IUGR through a literature review, also
contributing to the premise of this thesis. Chapter 3 reviews the methodology for this study, with
mention of limitations. The results of both specific aims are then presented in Chapter 4. Chapter
5 is a discussion of limitations, and results, with explanations of why we may have received
these outcomes. Chapter 6 provides a summary of this thesis with suggestions for future
directions.
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Chapter 2: Literature Review
Fetal Origins Hypothesis
Pregnancy is a critical period during which a fetus may be exposed to adverse
circumstances. In an ideal pregnancy, maternal stressors are kept minimal in all aspects of life.
When significant stress is imposed on the fetus, fetal programming occurs to allow the
developing tissues to continue their growth in an environment that has been disrupted12. Fetal
programming was first posited by David Barker in what became the Barker Hypothesis11 also
known as the fetal origins hypothesis24. In 1992, Hales and Barker hypothesized that gestational
undernutrition truncated pancreatic development, specifically beta-cell growth, and thus
impaired glucose-insulin metabolism. Offspring from this environment were at a higher risk for
developing T2DM14 and metabolic syndrome (MS)3. Associations between impaired glucose
metabolism in-utero and subsequent development of HTN, CAD, and obesity had not been
previously observed, but since then have been continually supported with increasing
evidence20,35,36. A systematic review of 48 studies found that babies who weighed less at birth
had a higher prevalence of impaired glucose and insulin metabolism compared to larger
babies37. The consistency of this pattern of results suggests that fetal programming directly
affects offspring metabolism by molecular adaptation in-utero.
The fetal origins hypothesis encompasses cell division dysregulation; in recent years the
effects of fetal programming have been proposed to include epigenetic effects on DNA
methylation24. For example, transgenerational effects including increased risk of cardiovascular
disease (CVD) and obesity related to in-utero consumption of caffeine and/or environmental
7

exposure to endocrine disruptors vinclozolin and bisphenol A have been observed38–40.
Caffeine, due to its antagonistic interactions with adenosine receptors are often of interest as
well. In an animal model of pregnant adenosine-receptor knockout dams, providing caffeine on
embryonic day 8.5 was associated with offspring who weighed 10% more than offspring who
were not exposed to caffeine during the gestational period. Interestingly, maternal caffeine
consumption increased offspring left ventricular wall thickness by 29%, consequently
decreasing cardiac output by 11%. In combination with the knowledge from other studies,
which have depicted caffeine’s ability to methylate and demethylate certain areas of the
genome, it is now believed that caffeine affects the methylation of genes related to the
development of cardiac structures41. Thus, fetal programming has the potential to affect
offspring on epigenetic and molecular, and thus physiologic and metabolic, levels to establish
the foundation for chronic disease.
The same responses that attempt to maintain homeostasis in-utero are typically what
predispose the offspring to increased risk of chronic diseases11,42. For example, prenatal stress
as a result of undernutrition in mid-gestation of sheep led to increased placental size42,43, most
likely to allow for increased nutrient transport across a larger surface area. Implications of a
reduced placental size affect not only nutrient transport, but also fetal oxygen consumption20
and endocrine metabolites44. Though fetal programming occurs with the short-term goal of fetal
survival, it typically leads to IUGR and both short- and long-term adverse implications45.
IUGR is recognized as an insufficient rate of fetal growth and development that may
result in fetal morbidity or demise, particularly around early to mid-gestation2,3. Maternal
factors that cause IUGR are plentiful, involving undernutrition, maternal low birthweight, low
8

maternal weight gain, maternal age of <16 years old, low SES, parity (the amount of babies a
person has given birth to of at least 24 weeks), chronic HTN, pre-eclampsia, renal disease,
diabetes with vasculopathy, and others46. Further, the fetus itself may feature chromosomal
abnormalities, malformations, or infections that can predispose it to IUGR. Lastly, placental
insufficiency (even in the presence of an adequate maternal diet), in-utero inflammation,
thrombophilias, and environmental factors may also independently lead to IUGR30,46. Though
this is not an exhaustive list of the causes of IUGR, undernutrition and decreased oxygen supply
account for 80-90% of IUGR cases46.
Typically, babies that endured IUGR are also born SGA, or less than the 10th percentile
in birthweight30. In the past, SGA may have been used as a proxy for IUGR, but there are other
factors unrelated to IUGR that may lead to an SGA baby, including genetically small parents,
maternal smoking47, early chromosomal abnormalities, or placental issues48,49. To account for
this, another frequently used measurement is the Ponderal Index (PI), which is the ratio of birth
weight to birth length that is similar to BMI that identifies small, thin babies who likely
experienced IUGR50.
The effects of IUGR can be chronic; neonates face potential long-term abnormalities
such as metabolic syndrome, subpar physical growth, cardiovascular disease, and
neurodevelopmental abnormalities9,21. Some effects of IUGR may be mitigated by optimal
catch-up growth, particularly those related to neurodevelopment3. However, if catch-up growth
progresses into excess childhood weight gain, then they are at further increased risk of CVD,
T2DM, and osteoporosis51. Further, offspring that are born SGA and exhibit catch-up growth
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often experience early adiposity rebound as well. As a result, they are more likely to experience
metabolic disturbances such as obesity, CVD, and T2DM in adult life52.

IUGR & Inflammation
IUGR is also linked to inflammation and oxidative stress. Maternal inflammation
stemming from stress increases amniotic [IL-6] among other pro-inflammatory cytokines. One
case-control study assessed the relationship between maternal inflammation and fetal fecundity.
Maternal inflammation was induced via lipopolysaccharide on gestational days 14, 16, and 18.
When compared to controls, offspring from LPS mothers weighed significantly less, suggesting
that LPS induced IUGR in these dams. Further, offspring from the LPS group had decreased
ovarian follicular count, suggesting that inflammation induced IUGR decreased fecundity in
female offspring30. Oxidative stress also led to premature aging within ovaries in a rat
population featuring maternal undernutrition53. Similarly, it is accepted that undernutrition
decreases antioxidant defenses while increasing ROS production in the fetal environment28. For
example, one study showed that maternal undernutrition altered both nitric oxide production
and antioxidant defenses in rat placenta, increasing oxidative stress in the fetal environment54.

Premise
Implications of IUGR in weight and length of infants has been investigated. One cohort
study performed in Tanzania sought to assess the incidence of stunting, wasting, and
underweight in 6664 singletons that were either full-term SGA, pre-term SGA, or AGA at birth.
10

Follow up visits up to 18 months postpartum showed that pre-term SGA infants weighed
significantly less than their AGA counterparts at 3, 6, 12, and 18 months. Full-term SGA
infants also weighed significantly less than AGA counterparts, though more than the pre-term
SGA group. This relationship was also true for length. The study also displayed that pre-term
SGA infants exhibiting catch-up growth still had the poorest nutrition status amongst all
groups55. This study again reiterates the consequences of maternal undernutrition that
predisposes offspring for subpar nutrition status during development and into the lifespan,
increasing their risk for chronic disease.
Though there are established relationships regarding the effects of maternal
undernutrition, IUGR, and its implications for chronic disease development, one area of
research that is not followed is offspring nutrition into the lifespan. Fetal programming aids in
short term survival but appears to leave a fetus predisposed towards development of chronic
disease more so than an average (50th percentile) baby at birth. It is unlikely that all cases of
IUGR result in diagnosis of chronic disease later, and this variation may be due to the
differences in dietary patterns and nutrition status. Thus, it is important to analyze dietary
patterns and nutrition status of offspring.

Assessment Tools
Two accepted methods of analyzing dietary intake are the Healthy Eating Index (HEI)
and the Dietary Inflammatory Index (DII). The HEI is an accepted method to analyze an
individual’s dietary patterns and quantify them to determine their score when compared to the
most recent Dietary Guidelines for Americans (DGA). 13 different components are measured
11

(see Table 3.1). Each component has a sub-score, and the maximum is 100 points56. The closer
an individual’s score is to 100, the healthier their diet.
The DII is another accepted method to assess dietary intake, as it focuses on the
inflammatory potential of an individual’s diet. 45 different nutrients are assessed in the standard
DII, and each nutrient receives an overall effect score of ranging from +1 (pro-inflammatory), 0
(neutral), or -1 (anti-inflammatory) in relation to how that nutrient interacts with 6 biomarkers:
IL-1β, IL-4, IL-6, IL-10, TNF-α and C-reactive protein (CRP)57. The lower an individual’s score,
the less inflammatory potential their diet has. Typically, a study will provide a DII score with all
45 nutrients included. Currently, there is no standardized dietary intake survey that provides data
for all 45 nutrients, and some authors suggest employing multiple dietary intake questionnaires
to obtain data for all 45 nutrients57 instead. This often is not feasible, so often a modified DII
with fewer nutrients is used instead58–60.
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Chapter 3: Methodology
Preexisting dataset
The data used in this thesis was acquired from a previous dataset45. For information on
the recruitment and selection of the preexisting study, please see extended data Figure 1. There
were 102 healthy (female = 79) adult participants between ages 18-40 years old that were born
full-term (37-42w gestation) used in this study. Healthy was defined as without any chronic
disease diagnosis present in medical history. Birth information was self-reported, and
documentation was provided by a subset of participants to confirm good agreement for
gestational age (GA), birth length (BL), and birth weight (BW). However, not all participants
provided information on BL, so a standardized birth weight (SBW) variable was created (See
“Ponderal Index (PI) vs Standardized Birth Weight (SBW)” section). Participants completed 2
or 3 Automated Self-Administered 24-hour dietary recalls (ASA-24) across the study period.

Outcome Measurements: HEI and DII
The purpose of the HEI is to quantify the amount of an individual’s diet that is considered
healthy, when compared to the DGA. Each of the 13 subgroups has a maximum score, for a
total score of 100 points for a diet that most emulates the DGA. To reach the maximum score
in a subgroup, an individual must meet the criterial as shown in Table 3.156 below. The
preexisting dataset used in this study already had HEI total and subgroup scores provided for
participants. HEI scores were calculated using an established macro by the NCI61.
13

Table 3.1: HEI-2015 Components and Scoring Standards
SUBGROUP

MINIMUM

MAXIMUM

MAXIMUM

SCORE

SCORE CRITERIA SCORE
CRITERIA

TOTAL FRUITS

>/= .8c equivalent

5

No fruit

per 1000kcal
WHOLE FRUITS

>/= .4c equivalent

5

No whole fruit

per 1000kcal
TOTAL

>/= 1.1c equivalent

5

per 1000kcal

VEGETABLES
GREENS AND

No vegetables

5

BEANS

>/= .2c equivalent

No dark-green

per 1000kcal

vegetables or
legumes

WHOLE GRAINS

>/=1.5oz equivalent

10

No whole grains

per 1000kcal
DAIRY

>/=1.3c equivalent

10

No dairy

per 1000kcal
TOTAL PROTEIN

>/=2.5oz equivalent

5

per 1000kcal

FOODS
SEAFOOD AND

No protein foods

5

PLANT PROTEINS

14

>/=.8oz equivalent

No seafood or plant

per 1000kcal

proteins

FATTY ACIDS

REFINED GRAINS

10

10

(PUFAs + MUFAs) /

(PUFAs + MUFAs) /

SFAs >/= 2.5

SFAs </=1.2

</=1.8oz equivalent

>/=4.3oz equivalent

per 1000kcal

per 1000kcal

SODIUM

10

</=1.1g per 1000kcal

>/=2.0g per 1000kcal

ADDED SUGARS

10

</=6.5% of energy

>/=26% of energy

SATURATED FATS

10

</=8% of energy

>/=16% of energy

Table 3.1: HEI-2015 Components and Scoring Standards. Minimum score = 0 points.

Additionally, the DII was used to assess inflammatory potential of participants diets. The
DII score expresses inflammatory status from diet; with scores ranging from -8.87 (most antiinflammatory) to +7.98 (most pro-inflammatory). The standard DII of 45 nutrients provides
overall effect scores of these nutrients on 6 inflammatory markers: IL-1β, IL-4, IL-6, IL-10,
TNF-α, and CRP [5]. However, the ASA-24 does not provide intake data for all 45 nutrients, so
a modified DII was used in this study. 27 out of the 45 nutrients were provided by the ASA-24,
so we expected our scores to fall within a range of -5 to +5 given that the DII total score is a
sum of all individual nutrient scores57. Table 3.2 depicts the 45 nutrients with their units and
overall effect scores. 3 asterisks after a nutrient name denote the ones that were used in this
study’s modified DII calculation.
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Table 3.2: The 45 DII nutrients and overall effect scores
FOOD PARAMETER

UNITS

OVERALL EFFECT
SCORE

ALCOHOL***

g

-.278

VITAMIN B12***

ug

.106

VITAMIN B6***

mg

-.365

BETA-CAROTENE***

ug

-.584

CAFFEINE***

g

-.110

CARBOHYDRATE***

g

.097

CHOLESTEROL***

mg

.110

ENERGY***

kcal

.180

EUGENOL

mg

-.140

TOTAL FAT***

g

.298

FIBER***

g

-.663

FOLIC ACID***

ug

-.190

GARLIC

g

-.412

GINGER

g

-.453

IRON***

mg

.032

MAGNESIUM***

mg

-.484

MUFA***

g

-.009

NIACIN***

mg

-.246

N-3 FATTY ACIDS***

g

-.436
16

N-6 FATTY ACIDS

g

-.159

ONION

g

-.301

PROTEIN***

g

.021

PUFA***

g

-.337

RIBOFLAVIN***

mg

-.068

SAFFRON

g

-.140

SATURATED FAT***

g

.373

SELENIUM***

ug

-.191

THIAMIN***

mg

-.098

TRANS FAT

g

.229

TURMERIC

mg

-.785

VITAMIN A***

re

-.401

VITAMIN C***

mg

-.424

VITAMIN D***

ug

-.446

VITAMIN E***

mg

-.419

ZINC***

mg

-.313

GREEN/BLACK TEA

g

-.536

FLAVAN-3-OL

mg

-.415

FLAVONES

mg

-.616

FLAVONOLS

mg

-.467

FLAVONONES

mg

-.250

ANTHOCYANIDINS

mg

-.131
17

ISOFLAVONES

mg

-.593

PEPPER

g

-.131

THYME/OREGANO

mg

-.102

ROSEMARY

mg

-.013

Table 3.2: The 45 DII nutrients and overall effect scores. Negative values denote antiinflammatory nutrients and positive values denote pro-inflammatory nutrients57. Nutrients with
*** represent one of the 27 that were provided by the ASA-24 and used in this study.

Calculation of the DII57 is as follows:
1. Obtain nutrient intake values for as many DII nutrients as possible.
2. Convert any units to the units required for DII calculation (noted in Table 3.2).
3. Create a Z score for each available nutrient by subtracting the sample mean from the
intake reported, then divide by the sample standard deviation.
4. Convert Z scores to percentile scores.
5. To center the scores on 0 and create a symmetrical distribution, double the percentile
score of each nutrient, then subtract 1. These are centered percentile scores.
6. Multiply each centered percentile score by the overall effect score (Table 2) to obtain the
DII score for that nutrient.
7. Sum all nutrient scores together to obtain DII total score.
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Ponderal Index (PI) vs Standardized Birth Weight (SBW)
Since not all participants provided BL information, PI could not be used to identify which
participants experienced IUGR during fetal development. Additionally, PI does not account for
GA, and it is accepted that some fetal growth still occurs within 37-42 weeks gestation62.
Furthermore, expected norm values for PI based on gestational age are lacking. For these
reasons, a SBW variable was used instead. BW and GA data were compared to a reference
population from a Canadian cohort63. First, each participant’s GA was used to create a predicted
BW value. Then, the difference between actual and predicted BW was obtained. This was
converted into a z-score, and this value was SBW. SBW was initially divided into four quartiles
based on birthweight, which was adjusted to two groups: the first quartile represented lowest
birthweight participants and denoted the IUGR group, while the remaining three quartiles were
greater birthweight and denoted the non-IUGR group. IUGR represented those who were born
SGA and likely experienced IUGR (though this cannot be confirmed). The non-IUGR group
represented those born AGA or LGA.

Analysis Plan
IBM SPSS Statistics version 28 for Windows was used for all data statistical analyses.
Significance was set at p < 0.05 for all tests. Averaged data from the ASA-24 surveys were
compiled to create HEI total and subgroup scores, and DII total and individual nutrient scores.
To determine if there was a difference between HEI Total Score for the IUGR and nonIUGR group, an independent samples t-test was performed. Following this, 13 independent
samples t-tests were run to compare each IUGR subgroup to its respective non-IUGR subgroup.
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Finally, linear regression with bootstrapping was completed to assess if IUGR and other
covariates were predictors of HEI Total Scores.
Similarly, an independent samples t-test was performed for DII Overall Score between
the IUGR and non-IUGR group. A linear regression with bootstrapping was also used to assess if
IUGR and other covariates were predictors of DII Overall Score.
The covariates used for both the HEI and DII regression were sex, age, and race.
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Chapter 4: Results
A profile of participants is shown in Table 4.1. Mean age of participants was 23
years +/- 5.29. 4.9% (5 participants) identified as Black, 73.5% (75 participants) identified
as white, 1% (1 participant) identified as Native American, 6.9% (7 participants) identified
as Asian or Pacific Islander, 4.9% (5 participants) did not respond, and 8.8% (9
participants) identified as other. 79 participants identified as female. 24 participants most
likely experienced IUGR based upon their SGA classification at birth. The remaining 78
participants denote the non-IUGR group and were born either AGA or LGA.

Table 4.1: Population Profile

IUGR MEAN +/- SD

NON-IUGR MEAN
+/- SD

AGE (YEARS)

22.90 +/- 5.21

23.13 +/- 5.42

BW (GRAMS)

2781.80 +/- 223.90

3637.63 +/- 392.02

BMI

22.84 +/- 2.94

23.89 +/- 3.50

WAIST
CIRCUMFERENCE
(INCHES)

27.84 +/- 2.69

29.31 +/- 3.29

ENERGY INTAKE
(KCAL / DAY)

2151.24 +/- 674.96

2001.97 +/- 768.42
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Table 4.1: Population Descriptives. BW = birthweight. N = 24 (IUGR group). N = 78
(non-IUGR group).

HEI Results

Nutrient Data for HEI Total Score and subgroup scores are depicted in Table 4.2.

Table 4.2: HEI Mean Total and Subgroup Scores. N = 102.
MAXIMUM
MEAN
STANDARD
SCORE
DEVIATION
100
61.78
13.27
TOTAL SCORE
5
3.44
1.77
TOTAL FRUITS
5
3.79
1.83
WHOLE FRUITS
5
3.60
1.37
TOTAL
VEGETABLES
5
3.28
2.10
GREENS AND
BEANS
10
3.55
3.06
WHOLE GRAINS
10
6.28
2.90
DAIRY
5
4.58
.86
TOTAL PROTEIN
FOODS
5
3.83
1.78
SEAFOOD AND
PLANT PROTEINS
10
4.93
3.54
FATTY ACIDS
10
7.16
2.97
REFINED GRAINS
10
3.48
3.29
SODIUM
10
8.09
2.04
ADDED SUGARS
10
5.85
3.35
SATURATED FATS

The initial analysis of HEI scores was an independent samples t-test to assess a
significant difference in HEI Total Score between groups. The IUGR HEI Total Score was 60.40
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+/- 12.30 and the non-IUGR HEI Total Score was 62.21 +/- 13.07 (p = .543). These results are
depicted in Figure 4.1.

Figure 4.1: HEI Total Scores
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Additionally, independent samples t-tests were run between each HEI subgroup to assess
mean differences between the IUGR and non-IUGR group. None of them were significant. See
extended data Table 1 for results.
A linear regression with bootstrapping (2000 samples) was performed to assess if IUGR
was a predictor of HEI Total Score. Covariates were sex, age, and race. IUGR was not a
predictor of HEI Total Score (B = -1.77, p = .58). Sex (B = 4.43, p = .17), age (B = -.24, p = .34),
and race (B = -.313, p = .714) were also not found to be predictors of HEI Total Score.
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We then tested HEI Total Score against BW instead of the SBW variable). BW (grams)
against HEI Total Score is plotted in Figure 4.2 below.

Figure 4.2: HEI Total Score vs BW (grams)
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Figure 4.2: HEI Total Score vs BW (grams). There is a slight positive visual trend, though not
significant (p = .30).
Though there does appear to be a slight positive visual trend, suggesting that HEI Total
Score (thus, diet quality) increases as BW increases, this trend is not significant (p = .30). This
does not align with our hypothesis that HEI Total Score would decrease as BW decreases.
In total, it appears that there is no significant difference between the HEI Total Scores
and no difference in subgroup scores when comparing IUGR vs non-IUGR. Further, IUGR and
other covariates (sex, age, race) were not predictors of HEI Total Score.
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DII Results
Nutrient descriptive data for the 27 nutrients used in the DII calculation are shown below in
Table 4.3.

Table 4.3: Nutrient Descriptive Data for DII Nutrients
NUTRIENT

M

SD

ALCOHOL

8.01g

16.50

VITAMIN B12

5.82ug

3.65

VITAMIN B6

2.12mg

.98

BETA-CAROTENE

4004.24mcg

4061.89

CAFFEINE

.08g

.11

CARBOHYDRATE

238.14g

89.77

CHOLESTEROL

314.79mg

291.08

ENERGY

2037.09kcal

743.29

TOTAL FAT

79.63g

35.66

FIBER

20.28g

9.15

FOLIC ACID

164.14mcg

109.08

IRON

15.34mg

6.25

MAGNESIUM

347.96mg

154.59

MUFA

28.70g

14.62

25

NIACIN

25.47mg

13.79

N-3 FATTY ACIDS

.16g

.41

PROTEIN

87.07g

44.19

PUFA

17.88g

9.89

RIBOLAVIN

2.21mg

.96

SATURATED FAT

26.30

13.55

SELENIUM

117.70mcg

60.66

THIAMIN

1.78mg

.80

VITAMIN A

864.50RE

488.42

VITAMIN C

102.52mg

67.16

VITAMIN D

4.67mcg

5.04

VITAMIN E

10.09mg

6.63

ZINC

11.53mg

5.20

RE = retinol equivalent.

An independent samples t-test was completed to assess a difference between the DII
Overall Score for IUGR vs non-IUGR groups. The IUGR DII Overall Score was .35 +/- 1.48 and
the non-IUGR DII Overall Score was .36 +/- 1.90 (p = .99). These results are depicted in Figure
4.3.
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Figure 4.3: DII Overall Scores
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A linear regression with bootstrapping (2000 samples) was performed to assess if IUGR
was a predictor of DII Overall Score. Covariates were sex, age, and race. IUGR was not a
predictor of DII Overall Score (B = -.06, p = .882). Age (B = -.03, p = .40), and race (B = .06, p
= .54) were also not found to be predictors of DII Overall Score. Interestingly, sex was found to
be a predictor of DII Overall Score (B = .832, p = .03, 95% CI [1.00, 1.54]). This meant that
females showed .832 increase in DII Overall Score compared to males. Since an increase in DII
Overall Score equates to a more pro-inflammatory diet, our findings suggest that females had a
more pro-inflammatory diet compared to males.
Similar to HEI, we plotted DII Overall Score against BW to confirm that there was no
relationship between DII and IUGR. BW (grams) against DII Overall Score is plotted in Figure
4.4 below.
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Figure 4.4: DII Overall Scores vs BW (grams)
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Figure 4.4: DII Overall Scores vs BW (grams). There is a slight negative visual trend, though
not significant (p = .15).
As observed above, there is a slight negative trend visually; DII Overall Score increases
as BW decreases, though this relationship is not significant. This suggests that DII Overall
Scores become more pro-inflammatory as BW decreases, which somewhat aligns with our
hypothesis that those born with presumed IUGR would have more pro-inflammatory diet scores.
In total, there was no difference between DII Overall Score and IUGR was not a predictor
of these scores. The only covariate that was a predictor was sex, suggesting that females have a
.832 greater DII overall score than males. Other covariates, age and race, were not predictors of
DII Overall Score. Finally, the plot of DII Overall Score against BW suggests that DII Overall
Score increases and BW decreases, though the trend is not significant.
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Chapter 5: Discussion
Implications
The results of this study were such that there were no significant differences in HEI Total
Score (IUGR = 60.4 +/- 12.30, non-IUGR = 62.21 +/- 13.07) and DII Overall Scores (IUGR =
.35 +/- 1.48, non-IUGR = .36 +/- 1.90) between groups. Further, linear regression showed that
IUGR, age, and race were not predictors for either score. While sex was also not a predictor for
HEI score, it was a predictor for IUGR score (B = .832, p = .03, 95% CI [1.00, 1.54]), suggesting
that females have a .832 higher, or more pro-inflammatory DII Overall Score than males. Lastly,
when plotting birthweight against diet quality scores, we found insignificant trendlines that
moderately aligned with our hypotheses: there was a slight positive trend for HEI Total Score
and a slight negative trend for DII Overall Score. Though insignificant (p = .30, p = .15
respectively), we expected that the IUGR group would have lower HEI scores and higher DII
scores. As birthweight increased, HEI scores increased somewhat, while DII scores decreased
somewhat. Currently, there are no studies that have assessed DII and/or HEI scores in an IUGR
cohort, though previous data supports a relationship between pro-inflammatory DII scores and
CVD risk and mortality64. This aligns with observations from prior IUGR cohorts, including
individuals born from the Dutch Hunger Winter, where CAD was an observed outcome. The
lack of studies assessing dietary quality using the HEI in IUGR cohorts may be explained by the
greater volume of research focusing on offspring health outcomes centered on maternal
behaviors65. One such study found no association for offspring overweight risk as a result of
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maternal pre-pregnancy BMI and alternate-HEI scores65 once controlling for lifestyle factors
including SES. While this study did not assess the dietary behaviors of IUGR offspring, it
supports the possibility that higher SES may play a protective role in preventing adverse dietary
behaviors that would yield lower HEI and higher DII scores.
The findings in this study are likely due to several factors. First, our sample comprised
members of the Syracuse University community, who were likely health-conscious individuals.
Thus, it is possible that this generally health-conscious sample had negated possible long-term
effects of IUGR and fetal programming by already displaying protective dietary patterns.
Since the results did not show any relationship between HEI and DII scores between
groups, nor was IUGR a predictor of either dietary assessment tool, this suggests that the chronic
diseases often noted in IUGR populations may be more physiologic and metabolic in their
foundation than they are behavioral. Other studies support the role that IUGR has in altering fetal
physiology, leading to adverse long-term outcomes66–68. Given the observation of increased
tendencies towards palatable foods in IUGR populations, it is possible that the physiological role
of IUGR is more neurological in nature. In a rodent study assessing dopamine signaling between
IUGR and non-IUGR rats, the IUGR group had decreased dopamine (D1) receptors in the
orbitofrontal cortex, a region that influences impulsive behavior. This suggested there was an
increase in impulsive behavior from the IUGR group69. Other studies have also displayed that
IUGR individuals often have decreased leptin levels and greater food intake69,70. The
physiological role of IUGR may also be related to the thrifty gene phenotype, proposing that an
adverse in-utero environment predisposes an individual for altered glucose-insulin metabolism,
which creates a foundation for obesity, T2DM, and metabolic syndrome71. Other research
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suggests that the thrifty phenotype may have epigenetic implications; when exposed to an
obesogen such as tributyltin, alterations in DNA methylation occur that may lead to
transgenerational inheritance of the thrifty phenotype72.
The 2015 US national average HEI Total Score was 59.873. The HEI Total Scores of both
groups are just above this mean, which may be due to population demographics. The results from
this study are comparable to the 2015 national average. The DII Overall Scores of both groups
were within this range.
Additionally, to correct for any potential error with the SBW variable and placement of
participants into IUGR or non-IUG R groups, scatterplots of BW (grams) vs HEI Total score and
DII Overall Score were assessed for any trend. A trend was visually present in Figure 4.2 and
figure 4.4, though it was not significant for either. It is possible that with corrections of sample
population size, demographics, and confirmation of IUGR classification that these scores could
become significant. In prior research calculating HEI and DII scores, inverse associations
between the two have been present74–76, which corroborates with the visual trends observed in
these scatterplots.
Research in IUGR also necessitates discussion of health equity, access to perinatal health
care, and Social Determinants of Health (SDoH). The main factors of SDoH include economic
stability, education access and quality, health care access and quality, neighborhood and built
environment, and social and community context77. Within these categories, aspects of
transportation, race, sex, relationship violence, education, and access to a well-balanced diet
become especially relevant for perinatal individuals. Programs such as WIC (Women, Infants,
and Children) have been monumental in assisting low-income infants, toddlers, and pregnant
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individuals improve their dietary status. For example, WIC is associated with greater intake of
iron-rich cereals for infants compared to low-income, non-WIC individuals78. However, there
are still areas of improvement needed for WIC as most of the focus is on children and pregnant
people. Broadening the eligibility criteria to include individuals at risk of undernutrition preconceptually alongside providing education and counseling during pregnancy may reduce
IUGR outcomes.

Limitations
Given the increase in palatable food preferences noted in IUGR populations, we
anticipated a lower HEI Total Score to reflect decreased diet quality and an increased DII
Overall Score to reflect a more pro-inflammatory diet. Our findings did not entirely support these
predictions, and this was likely due to a few factors. First, ASA-24 surveys are based on selfreport, which is subject to bias. Second, our sample population was mostly white (73.5%)
females (N = 79), which is known as a volunteer bias sample79. Due to this, internal validity is
affected, and the study is not generalizable to those who do not fit this demographic. This may
also explain why sex was a predictor of DII Overall Score, as there were significantly more
females in the study. The 23 males in this sample would not be sufficient to create a reliable DII
Overall Score for this demographic.
Without past medical history, we cannot confirm if these individuals experienced IUGR.
Participants in the IUGR group were all born SGA, which suggests that they likely had IUGR
during development, but SGA alone is not enough to confirm an IUGR diagnosis. Thus, it is
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possible that our actual IUGR group is smaller than N = 24. This would further affect the
statistical power of our study and increase the likelihood of making a Type II error.
Further, it is possible that DII scores may have been different if we were able to obtain
data from all 45 nutrients, though our Overall Scores are reliable as they fell within the expected
range of -5 to +5; our scores ranged from -3.80 to +3.28. Some of the nutrients that were not
included in this study, such as turmeric, flavones, isoflavones, and green/black tea have
particularly high anti-inflammatory effects scores ( -.785, -.616, -.593, and -.536 respectively).
Had any individual shown high intake values of these nutrients, their DII Overall Score would
have been more anti-inflammatory.
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Chapter 6: Summary
Future Directions
Given the findings of this research, future directions may include performing these tests
again with a larger, more diverse population as this was a limitation in this study. With a larger,
more diverse sample within each study arm, internal validity would increase, and the study
would have more transferable results. Since N = 78 (non-IUGR) and N = 24 (IUGR), our
control group was over twice the size of the experimental group, which raises statistical
concerns. Additionally, data was acquired only from the ASA-24 survey. A future study could
employ multiple types of dietary intake surveys to obtain information of all 45 DII nutrients for
a complete DII calculation. Though ASA-24 data is valuable, it only provides data for one day,
and this does not control for the variation that individuals have in their diet. Lastly, having
confirmation of IUGR from participants would decrease the likelihood of a Type II error and
would become a strength of this study.
Computing HEI and DII scores in a population of IUGR individuals with already
diagnosed chronic diseases would be beneficial in that it may support the idea that adverse diet
quality purports chronic disease development in IUGR individuals. Likewise, if these scores
were more optimal (increased HEI Total Score and decreased DII Overall Score), it may
suggest another factor is present in chronic disease development that nutrition status is
seemingly ineffectual against. As mentioned earlier, this sample was a generally healthconscious sample, so it would be beneficial to recruit subjects in another trial that have more
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diverse backgrounds and are not part of a university community. Similarly, it would be
interesting to see HEI and DII results from an IUGR population alongside biomarkers such as
fasted insulin, fasted blood glucose, and cortisol, among others. If scores were similar between
an IUGR and non-IUGR population, though biomarkers were different, this would support the
idea that IUGR has a more physiological role in the pathophysiology of obesity, CAD, diabetes,
and hypertension.

Conclusion
In conclusion, it is known that IUGR is linked to greater chronic disease
outcomes, including HTN, CAD, T2DM, and obesity. It has also been shown that
those with IUGR have a greater preference to palatable foods, which may contribute
to increased chronic disease outcomes in this population. Thus, we investigated
dietary quality and dietary inflammatory status in healthy adults who were compared
on the basis of whether they had suspected IUGR or not.
Our findings showed that:
1) There was no significant difference between the HEI Total Score between groups.
2) There was no significant difference between the DII Overall Score between
groups.
3) IUGR, age, race, and sex were not predictors for HEI Total Score.
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4) IUGR, age, and race were not predictors for DII Overall Score. Sex was a
predictor, showing that females have a higher DII Overall Score, which reflects a
more pro-inflammatory diet than male counterparts.
This research suggests that dietary quality and dietary inflammatory status do
not appear to be influenced by IUGR, when using SBW (BW, controlling for GA). It
is important to note that the findings here are likely influenced by a volunteer bias
sample and a small IUGR group sample size. Instead, the long-term chronic disease
outcomes noted by other articles may be explained by physiologic and metabolic
patterns from IUGR rather than behavioral patterns that influence dietary behavior.
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A: Extended Data

Extended Data Figure 1: Participant Recruitment and Selection

Extended Data Figure 1: Participant Recruitment and Selection. This data is from the preexisting dataset used by researchers in the prior study45.
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Extended Data Table 1: HEI Subgroup Independent Samples T-Test Scores

HEI SUBGROUP

NON-IUGR

NON-IUGR SD

MEAN

IUGR SD

SIGNIFICANCE

IUGR MEAN
3.40

+/- 1.75

3.58

+/- 1.91

3.76

+/- 1.88

3.75

+/- 1.75

TOTAL

3.58

+/- 1.40

VEGETABLES

3.65

+/- 1.31

GREENS AND

3.27

+/- 2.12

BEANS

3.33

+/- 2.09

WHOLE GRAINS

3.62

+/- 3.09

3.32

+/- 3.08

6.46

+/- 2.93

5.67

+/- 2.84

TOTAL PROTEIN

4.58

+/- .82

FOODS

4.59

+/- .99

SEAFOOD AND

3.77

+/- 1.81

PLANT PROTEINS

4.01

+/- 1.73

FATTY ACIDS

5.04

+/- 3.54

TOTAL FRUITS

WHOLE FRUITS

DAIRY
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P = .689

P = .982

P = .812

P = .451

P = .677

P = .244

P = .949

P = .562

P = .605

REFINED GRAINS

SODIUM

ADDED SUGARS

SATURATED FATS

4.60

+/- 3.65

7.27

+/- 2.87

6.77

+/- 3.35

3.20

+/- 3.19

4.39

+/- 3.59

8.18

+/- 2.04

7.80

+/- 2.08

6.12

+/- 3.33

4.95

+/- 3.40

P = .511

P = .156

P = .431

P = .147

Extended Data Table 1: HEI Subgroup Independent Samples T-Test Scores. Independent
samples t-tests showed no significance in all 13 subgroups.
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